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colony will reach a stable equilibrium after an initial establishment phase (Coulson and White 1956) .
Lesser Snow Geese (Chen caerulescens caerulescens) breed colonially in subarctic and arctic regions of the Western Hemisphere. Colonies are located in areas that have suitable nesting habitat and access to extensive brood-rearing areas of coastal salt marsh or wet tundra. The Lesser Snow Goose colony at La Perouse Bay (LPB), Manitoba (58?04'N, 94?04'W), has been intensively studied since 1968 (Cooke et al. 1995) . Snow Geese in LPB show a high degree of breeding-site fidelity; Cooke and Abraham (1980) found that 73% of all birds nested within 500 m of their previous nest site, and 43% within 100 m. Natal philopatry of females is also high, with young females tending to settle near the area where they were raised (Abraham 1980) . The nature of the interaction between Lesser Snow Geese and their habitat depends on local population density, which has increased dramatically during recent decades on the west coast of Hudson Bay (Kerbes et al. 1990 , Cooke et al. 1995 ). Up to a certain density, grazing by geese triggers a positive feedback mechanism that enhances plant productivity (Jefferies 1988a, b) . With increasing goose density, how- Francis and Cooke (1993) , there is no evidence that female natal philopatry at the LPB colony has changed over time. However, recruitment rates into specific sections of the colony may have changed. Lower levels of breeding or natal-site fidelity to the former centers of density will in the long term cause a spatial shift of the entire colony.
In this paper, we document spatial changes in the LPB Snow Goose colony as a whole, and then use data from marked individuals to examine whether long-term habitat changes have been accompanied by decreased breeding and! or natal-site fidelity.
A variety of terms has been used to refer to issues of individuals returning to certain areas, and there is no general agreement about which terms are best. We use "philopatry" (natal and breeding) to refer to the return to a larger area (i.e. the whole colony) and "site fidelity" (natal and breeding) to refer to the return to a more specific location within the colony.
STUDY AREA AND METHODS
Study population and general field methods.-The Snow Goose colony of LPB was first established in the early 1950s and has grown from approximately 2,000 pairs in 1968 to 22,500 pairs in 1990 (Cooke et al. 1995) . Data on nest history have been collected since 1968, and we use data from the years 1973 to 1992 in this paper.
During the annual molting period, large numbers of adults and juveniles were caught each year and individually marked with alphanumeric colored leg bands. If birds were banded as juveniles, their exact age could be determined later from the color and position of their leg band. Each year until 1990, areas containing approximately 200 to 250 nests ("hatching areas") were established in the densest parts of the colony. Each nest in these areas was visited daily during the hatching period, and individually marked attending parents were identified where possible. Although often both parents were marked, the following analyses were restricted to data from females only, because females determine the pair's nesting location (Cooke et al. 1975) , and sightings of both partners were highly correlated. The approximate perimeter of the colony was recorded from ground assessment of the entire colony until 1980 and, in later years, from occasional aerial surveys and long walks to more distant parts of the colony.
Breeding-site fidelity of adults.-We used capturemark-recapture techniques that produce maximumlikelihood estimates of parameters from capture histories of individuals (Lebreton et al. 1992) . From multiple resightings of marked individuals, it is possible to estimate on an annual basis the "apparent survival" rate (+; Lebreton et al. 1992 ) of groups of nesting birds. Apparent survival is the complement of the annual disappearance rate (mortality and permanent emigration). Because "true" mortality rates are known from independent analyses of band-recovery data for Lesser Snow Geese (Francis et al. 1992) , we could infer rates of permanent emigration in these birds by assessing the difference between apparent and true survival.
We divided the colony into 10 regions for the purpose of our analysis, a modification of the regions used by Hik (1986;  All sightings of banded nesting females (regardless of whether they had first been banded as adults or as goslings) during the hatching period were subjected to a "capture-recapture" analysis. Although data collection in this case did not involve physical capture of the birds, the same analytical methods as for capture-recapture data can be applied (see Lebreton et al. 1992 ).
The total data set of resightings of nesting females at hatching was divided into regions, and resightinghistory arrays (Burnham et al. 1987 ) of individual birds were constructed for each region separately. Apparent survival (4) and resighting probabilities (p) were then estimated for each region using programs RELEASE (Burnham et al. 1987 ) and SURGE (Pradel and Lebreton 1991) . In these programs, + and p are estimated from the data simultaneously. Given that an individual bird nests in a certain region of the colony, apparent survival is the probability of that bird returning to the region in subsequent years, i.e. neither dying nor permanently emigrating to other regions or other colonies. The resighting probability is the probability that a marked individual is seen in the region in a particular year, given that it is alive. Resighting probabilities fluctuate with variation in observer number and effort, observer skill, weather conditions, and other external factors. Temporary emigration of birds from the area during the study period will manifest itself as a temporary decrease in p, whereas permanent emi- , but information about patterns of recruitment can be gained from the age structure of population segments. The most basic scenario of population development is that every disappearing breeding bird is replaced by a young immigrant. In this case, the population size is stable, and the mean age in the population is at equilibrium, the level of which depends on the yearly disappearance rate of older birds. A lack of young recruits will cause a departure from the stable equilibrium toward increasingly older birds, with a concurrent decrease in population size.
Most Lesser Snow Geese start breeding at two or three years of age ( onward, the densest parts of the colony had moved too far away from the LPB base camp to allow the establishment of regular hatching areas, and the quantity of data collected during hatching declined steeply compared with the years 1973 to 1990 (Fig. 2) . The spatial distribution of nests checked daily during hatching from 1973 to 1992 changed over time (Fig. 2) . Although the nests monitored during hatching did not cover the entire colony each year, the location of the hatching areas reflected the areas of highest nesting density, and a shift in the distribution of hatching areas followed a shift in the distribution of the birds. Beginning in about 1990, however, new nesting concentrations formed in regions 6 to 10 (Fig. 1) , and these were not included in standard data collection owing to logistical problems. In the last three years of the study, nests monitored during hatching therefore were no longer representative of the entire colony. The approximate perimeter of the colony changed dramatically from 1975 to 1990 (Fig. 3) . Although nesting densities in each region are not shown here, the general expansion of the colony and the abandonment of formerly central areas in later years are apparent.
Breeding-site fidelity of adults.-Taking the spatial and temporal distribution of resighting data into account, we did not construct resighting-history arrays spanning the full 20 years in each region, but chose the 10-year interval with the highest cumulative number of individually identified females for each region (Table 1) . Regions 1 and 6 to 10 were not included in the analyses of individual site fidelity because the data were too sparse. For the four remaining data sets (regions 2 to 5), goodness-of-fit tests analyses were restricted to regions 2 to 4. Among the models tested, that with constant 4)1, 4)2, and p had the lowest AIC and thus described the data adequately while using the minimum number of parameters; this was true for all three regions (Table 2) (Table 3) Recruitment into central regions of the colony. For analyses of patterns in age structure, as for analyses of breeding-site fidelity, we used the 10-year interval with the highest cumulative number of resighting records for each region (Table 1 ). The mean age of known-age females, corrected for the increase in mean age of the total banded sample, increased significantly over time in each of regions 2 to 5 (Fig. 4) . Thus, the age distribution in these regions was not at equilibrium over the investigated 10-year pe- riods. At the end of the periods, birds in region 2 to 5 were on average between 2 and 3.5 years older than at the beginning. This increase in age was probably caused by a shortage of young birds (i.e. 2-and 3-year-old first-time breeders) recruiting into the regions to replace any disappearing older birds. If no young birds recruited into these areas, the mean age of birds nesting there would increase by one year each year; the somewhat slower increase shown by our data indicates that some young birds did still settle in these areas. This is confirmed by sightings of small numbers of marked 2-and 3-year-old breeders in the regions at the end of the investigated periods, although variation in observer effort precluded quantification of their proportion among all breeding birds. In spite of slightly increased local emigration rates, it is still surprising that such a high level of site fidelity is maintained by individuals at least until shortly before areas are abandoned by most birds. Most geese that are residents in a region remain residents, even if the quality of nesting habitat ) and nearby brood-rearing habitat (Cooch et al. 1993) deteriorates such that the birds suffer from reduced fitness. Natal-site fidelity: Recruitment into central regions of the colony.-The changes in age structure in regions 2 to 5 indicate that the rate at which young birds came into these regions was lower than that at which old birds disappeared from them. A possible explanation for this phenomenon, which does not involve any changes in natal-site fidelity, is that the number of young birds produced in LPB is no longer sufficient to fill the gaps left by disappearing old birds: first-year survival of birds raised in LPB has declined over time (Francis et al. 1992 ). However, the number of breeding pairs in the colony has continued to grow throughout the course of the study, and although data on the absolute number of young recruits each year are lacking, it is safe to assume that enough young birds would have existed to fill the gaps left by disappearing adults in the central areas. Age at first breeding has not changed system-atically over time in LPB (E.G. Cooch pers. comm.); thus, increasing age at recruitment cannot explain the increase in mean age in the central regions, and the avoidance of these areas by young recruits in spite of available space remains the most likely explanation for our results. This deficit of recruits is, at first glance, at odds with the finding of Francis and Cooke (1993) that natal philopatry of females reared in LPB has not changed over time. However, Francis and Cooke examined philopatry to LPB as a whole, not site fidelity to specific regions. Female Snow Geese that return to breed tend to nest close to where they were raised, rather than to the area of their natal nest (Cooke and Abraham 1980) . Similarly, female Canada Geese are philopatric to brood-rearing areas (Lessells 1985) . Because habitat deterioration in the central salt marshes at LPB has resulted in an increasing shift of brood-rearing areas toward coastal areas to the east and south (Cooch et al. 1993), new recruits should tend to settle near those areas. Although recruits may still be philopatric to the natal colony as a whole, the area where young birds nest has gradually shifted as a consequence of the shift in the brood-rearing areas; as a result, natal-site fidelity of birds hatched in formerly central regions has declined.
Long-term habitat change and colony dynamics.-Even in a steadily declining habitat, Lesser Snow Geese maintain a high degree of breeding-site fidelity. However, young birds tend to settle in more peripheral areas rather than in vacated sites within the traditional areas of the colony. Among seabirds, recruitment of young birds into peripheral areas of a colony (Kharitonov and Siegel-Causey 1988) has been attributed to lack of space and the presence of older (i.e. dominant) birds in the center of the colony. If this is the case, recruits should move from peripheral to more central (and preferred) nesting sites as they become available (Kharitonov and Siegel-Causey 1988). In contrast, Cooke et al. (1983) reported that young Snow Geese in LPB tended not to relocate after they had settled in peripheral areas of the colony; they assumed, however, that new recruits would occupy spaces in central areas as they became available. Directional natal dispersal into little-used areas of a colony was also reported for Black Brant (Branta bernicla nigricans; Lindberg and Sedinger 1997). In this case, vacancies in a formerly dense area remained unoccupied, and the colony as a whole moved during the 7-year study period. Our study documents the same phenomenon for Snow Geese at LPB; however, although Lindberg and Sedinger (1997) did not report deterioration of nesting habitat and expected the regions with declining nest densities to be occupied by new recruits in future years, we do not expect the abandoned areas in the center of LPB to be recolonized in the foreseeable future.
Although competition with older breeders may have kept young recruits from settling in the central areas of the colony in earlier years, habitat deterioration now acts as a second factor that leads to the same result. Directional natal dispersal, which initially was a mechanism of colony expansion (Lindberg and Sedinger 1997), now also results in long-term colony movement. A small fraction of adult breeders moving from central to other regions accelerates this movement. Thus, central nesting locations in bird colonies are not always superior to and preferred over peripheral ones (see also Brunton 1997). Far from being at a stable equilibrium, the LPB Snow Goose colony is spatially and temporally dynamic.
The phenomenon of "moving" goose colonies may be part of a natural, long-term cycle of habitat destruction by geese breeding at high densities, gradual abandonment of areas by the geese, and subsequent recovery of the habitat. Alternatively, the observed phenomenon may be the result of anthropogenic disturbance of an equilibrium between population levels of geese and their food resources: the global increase of Snow Goose populations has been attributed to the occurrence of new food sources as a result of agricultural changes within the wintering range (Cooch and Cooke 1991, Ankney 1996). In this case, increased pressure on arctic breeding habitats may in the long term lead to an overall reduction in fecundity for the species as a whole, as has been documented for LPB geese (Cooch et al. 1989 (Cooch et al. , 1991 . If this reduction in fecundity is large enough, it will result in declining population levels. This may again lead to a long-term cycle of goose-habitat interaction, although on much broader spatial and temporal scales. Vegetation in salt marshes that have been stripped to bare sediment by grubbing geese will take a long time to regen- 
